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I. INTRODUCTION 
A. Use of Dielectric Materials 
Dielectric liquids play an important role in the transmission, 
distribution, and use of electrical energy. A liquid is arbitrarily classed 
as a di.electri.c if its volume resistivity is 1010 ohm-centimeters or greater. ( 23) 
(An ohm-centimeter is the resistance between opposite faces of one cubic 
centimeter of the liquid.) Transformers, circuit breakers, cables, and 
capacitors are among the more common devices using liquid dielectrics. 
The chief electrical properties which determine the performance of a 
dielectric lig_uid are its ability to resist break.do-wn under electrical stress, 
its dielectric constant (or specific inductive capacity), and its loss 
fac·tor - the energy loss per unit volume per cycle. These properties depend 
on the temperature of the liquid and the frequency of the applied voltage 
stress as well as on the structure of the constituent molecules. (23.l) 
With a view to'Ward.s preparing an improved low temperature dielectr:Ic 
liquid, it was thought desirable to prepare some pure chlorinated phenyl 
ethers and measure their dielectric constants as a function of temperature 
while holding the applied voltage and frequency constant. A further object 
of the work was to d.i.scover if any correlation of points on the dielectric 
constant versus temperature curves of binary mixtures of the ethers could be 
used to determine the eutectic point of the system. 
B. Preparation of Chlorinated Phenyl Ethers 
Phenyl ether has been known since the m:i.d.dle of the nineteenth century. 
Ettling and Stenhouse in 1845 and List and Limpricht in 1855 prepared phenyl 
ether by the destructive distillation of copper benzoate.(l2,l6) Hoff'meister 
prepared the same material in 1871 by reacting benzene diazonii.un sulfate with 
-1- 
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phenol.(l5) Derivatives of phenyl ether were then prepared by several workers; 
for example, Gladstone and Tribe prepared some alkyl phenyl ethers, (l3) and 
Willgerodt prepared some nitrophenyl ethers.(26) In 1905, Ullman and Sponagel 
obtained a ninety percent yield of phenyl ether by reacting potassium 
phenolate with bromobenzene using a copper catalyst.<25) 
A.N. Cook and co-workers, early American workers in the field, prepared 
nitrated and alkylated phenyl ethers and hal.o-nitro phenyl ethers.(7,3,9,lO) 
It was Cook who pointed out the ease with which nitrophenyl ethers could be 
produced and the activating effect of the nitro group on the halogen in the 
halonitrobenzenes used to produce the phenyl ethers. Reference Number 9 
includes a chronological bibliography of work on phenyl ethers which covers 
the period 1845 to 1915. 
A new synthesis of phenyl ether w.s published by Sabatier and Mailhe in 
1910.<22) The synthesis inv-olved passing v~pors of phenol over hot thorium 
oxide. Some homologs of phenyl ether were prepared in the same manner. 
Using reactions similar to Cook' s, Mccombie et .at, obtained allllost 
theoretical yields of 2-chloro-21 -nt.tiro-phenyl, ether by reacting o-chloro- 
nitrobenzene with o-chlorophenol.(l7) Similar results were obtained by 
Roberts and Tr1rner(2l) and R.V. Henley,(i4) who made a study of the parameters 
of this reaction. 
In 19357 U.S. Patent 2,022,634 was issued to Edgar C. Britton et al for 
the production of halogenated d.i.phenyl oxide (halogenated phenyl ethers).(l) 
A simi1.ar patent was issued to Carl F. Prutton in ~1939, U.S. 2,165,813. (ao) 
Both these patents relate to the direct halogenation of phenyl ether with the 
result ·that a mixture of isomers is formed rather than a single compound. 
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The mixed halogenated phenyl ethers proved to have good dielectric 
properties and several patents have been issued for their use in electrical 
applications.(2,3,4,5,6) A review of these patents and many others in the 
field showed that very little, if any, work had been done to examine pure 
individual. chlorinated. diphenyl ether isomers. The purpose of the work 
reported here was to prepare three pure chlorinated diphenyl ethers and 
evaluate the dielectric constant versus temperature of the pure materials 
and their mixtures. 
C. Di.electric Theory 
When a dielectric li~uid is placed in an electric field, its molecules 
become polarized. Early in the study of dielectrics, it was discovered that 
polarizations were divided into two classes; instantaneous and absorptive, 
i.e., some of the polarization was time or frequency dependent and some was , 
(18) ,, not. To understand the effects of temperature and frequency on the 
dielectric constant, we must examine this phenomenon of polarization, because 
the dielectric constant can be said to be a measure of polarization. 
If a homogeneous dielectric system is placed in an electric field, three 
types of polarization. can be distinguished; electronic, atomic, and 
orientat:lonal. (23) 
Electronic polarizati.on is simply the displacement of the electrons in 
the atoms a short distance from their positions of electrical neu·trality with 
respect to the positive nuc.Leus , setting up an i.nduced dipole. The reaction 
is so fast)J because of the size and lightness of the electrons, that it is 
entirely independent of the frequency of the applied voltage out to the 
visible regi.on of the electromagnetic spectrum. 
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Atomic polarizations are those which result from the displacement of 
atoms from their equilibrium positions in molecules. Because of their larger 
size, atoms are slower to react than electrons. Atomic polarizations are 
considered to be instantaneous, however, because they are not affected by 
frequency until the infrared region is reached. Atomic polarizations may be 
large for inorganic materials, but are usually negligible for organic 
materials. Both atomic and electronic polarizations are called induced, 
because they depend on the electric field for their existence. 
Orientational polarization relates to the effect of an electric field 
on molecules which have permanent dipoles built into them. In this instance, 
the electric field causes the dipoles to orient themselves along the lines 
of the applied field. This orientation polarization, first suggested by 
Debye,(ll) is in addition to the electronic and atomic polarizations and , 
,, 
accounts for most of the temperature and frequency dependence of the 
dielectric constant of polar materials. Since the entire polar molecule 
rotates with the field, a very definite time relationship exists with 
respect to the size and shape of the molecules. When the frequency reaches 
a certain point, more or less specific for every substance, the molecules 
can no longer keep up with the field, and the orientational polarization is 
lost. The dielectric constant then drops to the value caused by electronic 
and atomic polarizations. 
The temperature dependence of the dielectric constant is explained also 
by the three types of polarization. In the case of electronic and atomic 
polarization, a change in temperature results in a density change which 
means more or less electrons and atoms per unit volume of dielectric. While 
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this same effect is noted for polar molecules, the important difference is 
the increase or decr~ase of thermal activity of the molecules which opposes 
the effect of the electric field. Thus, the higher the temperature, the 
more resistance to alignment in the field and consequently, the lower the 
dielectric constant. Conversely, at low temperatures where the molecule is 
still free to rotate but has less thermal activity, the dielectric constant 
increases. As soon as the liquid solidifies, however, the dipoles are no 
longer free to rotate, and the dielectric constant drops because of the loss 
of the orientational polarization. 
It is the purpose of this paper to study the dielectric constant- 
temperature relationship of some chlorinated phenyl ethers at constant 
frequency. 
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II. EXPERIMENTAL 
A. Preparation of 2,21-dichlorodiphenyl Ether 
Several exploratory experiments were run in an attempt to prepare 
2,2'-dichlorodipheny~ ether by direct dehydration of o-chlorophenol. 
Anhydrous zince chloride, anhydrous aluminum chloride, acetic anhydride, and 
phosphorous pentoxide were tried as dehydrating agent. No detectable amount 
of ether was produced in any of these experiments. 
An Ullman type synthesis(25) was tried using sodium o-chlorophenolate 
and l-chloro-2-iodobenzene as reactants with a catalyst of copper metal 
powder reduced by hydrogen. A white crystalline material was recovered from 
this experiment. The melting point was 117.o-117.1°c (uncorr.). This was 
probably dibenzo-p-dioxin (diphenylene dioxide) mentioned by Suter and 
Green. ( 24) No ether was found, however. 
A decision was made to prepare 2-chloro-2'nitrophenyl ether by the , 
method of Mccombie et al(l7) and to proceed to the ether by reduction of the 
nitro compound, diazotization and Sandmeyer reaction. 
2-chloro-21-nitrophenyl Ether 
The 2-chloro-2'-nitrophenyl ether was prepared by reacting four (4) 
moles (+10 to 15% excess) of o-chlorophenol with four (4) moles of potassium 
hydroxide pellets in a 5-liter, 3-neck flask. Ten to fifteen grams of moist, 
activated copper powder* were added at once, and the mixture stirred for 
15 minutes to complete the acid base reaction. At this point, four moles of 
*The activated copper metal powder was prepared by the method described in 
"Organic Syntheses11, Coll. Vol. II, Wiley (1943), p. 446. 
-7- 
1.-chloro-2-ni trobenzene were added as a lig_uid and the mixture stirred and 
heated continually. As the water distilled over, mixed with some chloro- 
nitrobenzene, it was removed by means of a Barrett type, Dean and Stark 
moisture trap. The organic phase was returned to the reaction, and the 
ag_ueous phase discarded. The temperature was allowed to rise to between 
l80°C and 210°C, and the reaction was held between these temperatures for 
20 to 24 hours. At the end of this period, the reaction mixture was allowed 
to cool to 100°C and one mole of sodium hydroxide in one liter of water was 
added. The mixture was stirred vigorously to dissolve the excess o- 
chlorophenol. The organic phase was separated from the ag_ueous phase by 
cooling until the organic layer solidified. The ag_ueous layer was then 
poured off. The organic layer was vacuum distilled. A small forecut of 
o-chlorophenol and l-chloro-2-nitrobenzene was first removed and then the 
main body of 2-chloro-2'-nitrophenyl ether distilled over at 137 to 139°c , 
at a vacuum of 0.2 nnn Hg. The pure disti1late crystallized in the receiver. 
Our yields averaged about 80%. 
A few typical yields are tabulated below. 
Reaction No. of Moles Theoretical Actual Yield 
A 4 998.6g. 834g. 83.6% 
B 4 998.6g. 857g. 85.8% 
c 4 998.6g. 722g. 72.3% 
D 4 998.6g. 8llg. 81.2% 
E 4 998.6g. 786g. 78.7% 
F 4 998.6g. 805g. 80.6% 
Average 8o.4% 
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APPARATUS FOR PREPARATION OF 
2-CHLOR0-2'-NITRODIPHENYL ETHER 
6 
l. Heating Mantle 
2. 5-Liter, 3-Neck Flask 
3. Side Arm Adapter 
4. Thermometer with ,rm' 
10/30 Joint 
5. Precision Bore Stirrer 
with Water-Cooled Bearing 
6. Condenser 
7. Barrett Type Dean and 
Stark Moisture Trap 
8. Variable Transformer 
7 
?--- 4 
.~l 
0 5 10 
I II I I l I ! f I 
Scale - Cm. 
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2-chloro-2'-aminophenyl Ether 
The 2-chloro-2'-aminophenyl ether was prepared by reduction of the nitro 
·ether with iron, water, and hydrochloric acid. Eight moles of Mallinckrodt 
#5308 iron filings (40 mesh, degreased) were placed in a 5-liter, 3-neck 
flask. To the flask was then added 1730 ml. of water, 30 ml. of cone. 
hydrochloric acid, and 20 grams of ferric chloride hex.a.hydrate. While 
stirring continuously, the mixture was heated to a steady reflux, and two 
moles of molten 2-chloro-2'-nitrophenyl ether were added in small quantities 
over a period of 30-45 minutes. When all the nitro ether had been added, the 
stirring and . refluxing were continued for six to eight hours, after which 
time two moles of sodium hydroxide in 500 ml. of water were added to make the 
reaction mass very alkaline. When the reaction mass had cooled to room 
temperature, as much water as possible was decanted. The remaining sludge of 
iron, ferric hydroxide, water, and amine was extracted with copius quantities 
, 
of boiling acetone. The acetone was distilled off, the water separated, and 
the amine vacuum distilled. The amine distilled over at a temperature of 
164°C at a vacuum of 5 mm Hg. The distillate crystallized in the receiver 
on a cool day. The yields of amine averaged approximately 90%. A few 
typical yields are tabulated below. 
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Distillation No. of Moles* Theoretical Actual Yield 
A 4 878.6g. 867g. 98. 7% 
B 4 878.6g. 790g. 89.9% 
c 4 878.6g. 688g. 78. 3°/o 
D 3 439.3g. 417g. 95.1% 
E 4 878.6g. 753g. 85. 7% . 
F 3 439.3g. 392g. 89.2% 
Average 89._5% 
2,2'-dichlorophenyl Ether 
The 2,2'-dichlorophenyl ether was prepared by diazotizing 2-chloro-2'- 
a.minophenyl ether and then converting the diazonium salt to the dichloro- 
phenyl ether by the Sandmeyer reaction. 
Approximately 1500 ml. of 3M hydrochloric acid were heated almost to 
boiling in a 4-liter beaker. One.mole of.~-chloro-2'-a.minophenyl ether'was 
added to the hot, dilute acid while stirring constantly. The beaker was then 
removed from the hot plate and placed in a bath of commercial trichlorethylene 
(DuPont Triclene). While the hot acid was stirred with an electric stirrer, 
the temperature of the bath was lowered with dry ice. The a.mine hydrochloride 
soon began to crystallize, and the temperature was dropped to 0°C. A 
solution of 5M sodium nitrite was added slowly with rapid stirring until a 
positive test was achieved with starch-iodide test paper at least ten minutes 
after the last addition of nitrite. During and subsequent to the addition 
of nitrite, the temperature of the reaction mixture was maintained below 5°C. 
*The a.mine was produced by reducing two mole batches of nitro compound, but 
two batches of crude product were frec;iuently mixed and distilled together. 
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APPARATUS FOR PREPARATION OF 
2-CHLOR0-21-AMINODIPHENYL ETHER 
1. Thermometer with '! 
10/30 Joint 
2. Side-Arm Adapter 
3. 5-Liter, 3-Neck Flask 
4. Heating Mantle 
5. Precision Bore Stirrer 
with Water-Cooled Bear-i.ng 
6. Condenser 
7. Variable Transformer 
2 
(;.- 3 
4 
? 1 ! I (, I I •1? 
Scale - Cm. 
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Before starting diazotization, two 5-liter, 3-neck flasks were set up 
with Precision Bore stirrers, reflux condensers, and dropping funnels. One- 
half mole of cuprous chJ.oride, plus ten percent excess, and one liter of 9M 
hydrochJ.oric acid were added to each flask. With constant stirring, the 
flasks were heated to a steady reflux by means of electric heating mantles~ 
When diazotization was complete, the solution was divided into two 
equal portions. One-half of the solution of diazonium salt was trickled 
slowly into each refluxing solution of cuprous chloride in 9M hydrochloric 
acid. After the addition was complete, the reaction mixtures were stirred 
and refluxed for 5-10 minutes. With the heating mantles turned off, cold 
water was added through the condenser until the .flasks were full. The 
mixture was stirred vigorously during addition of cold water to wash the 
organic phase. The aqueous phase was then very caref\l.]..ly decanted. Thi; 
final separation -was made with a separatory funnel. The 2,21-dichlorophenyl 
ether -was distihled under vacuum. After a small forecut, which consisted 
mainly of 2-chlorophenyl ether, the main body of liquid distilled between 
166.5-167.5°c at 10 mm. Hg. pressure. Based on one mole of 2-chloro-2'- 
a.minophenyl ether, the yields averaged about 83%. A f~w typical yields are 
tabulated here , 
Distillation No. of Moles Theoretical Actual Yield 
A 0.92 220. g. 0 182.5g. 82.9% 
B o.88 210.4g. 162. g. 77.2% 
c 1.7 406.5g. 355. g. 87.4% 
D 3 717.3g. 605. g. 84.4% 
E 3 717.Jg. 605. g. 84.4% 
.Average 83.3% 
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APPABATUS FOR SA.N1lY.1EYER REACTION ' , 
L, Dropping Funnel 
2. " 5-L:l. ter, 3-Neck Flask · 
3. Heating Mantle 
4. Precision Bore Stirrer 
with Water-Cooled 
Bearing 
5. Condenser 
6. Variable Transformer 
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-l4- 
·several samples of 2,21-di.chlorophenyl ether were sent to commercial 
analytical laboratories for analysis. The results are tabulated below. 
Clark Schwartzkopf 
Microanalytical Lab. Microanalytical Lab. 
Element fl 'U. Li fl u .. Theoretical 
c 61.49 60.55 60.72 60.55 60.29 60.28 
H 3.45 3.33 3.25 3-33 3.47 3.37 
0 7.26 6.70 7.38 6.83 6.84 6.69 
Cl 28.20 29.30 29.56 29~76 30.22 29.66 
B. Preparation of 3,31-Dichlorophenyl Ether 
A single attempt was made to prepare 3,3'-di.chlorophenyl ether by direct 
dehydration of m-chlorophenol with phosphorus anhydride. The attempt was 
unsuccessful, and a series of e;)!J)eriments were begun to prepare the 3,3'- 
di.chlorophenyl ether by a process analogous to that used for the 2,21- 
dichlorophenyl ether. 
3-chloro-3'-nitrophenyl Ether 
The preparation of 3-chloro-3'-nitrophenyl ether was finally accomplished 
by reacting potassium m~nitrophenolate with l-chloro-3-iodobenzene using 
, 
activated copper metal powder as catalyst~ Into al-liter, 3-neck flask 
were placed l mole of KOH pellets, 200 ml. of water, and 1 mole of m-nitro- 
phencf., The mixture was heated and stirred to bring the ni trophenol into 
_solution, and 1 mole of l-chloro-3-iodobenzene was added and 5-10 grams of 
activated copper powder. The stirring and heating were continued. When the 
-water began to di.still over, carrying with it some of the di.halobenzene, the 
distillate was caught in a Barrett-type, Dean and Stark moisture trap. The 
organic phase was returned to the reaction and the water discarded. The 
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temperature rose slow.ly as the water was removed. Extreme caution had to be 
exercised after the reaction mixture reached 160°c. (The 160°c figure was 
chosen as a safety measure because ordinarily no vigorous reaction took place 
until the 180 to 190°C range was reached.) The temperature had to be raised 
very caref'ully beyond this point. The reaction mixture was heated in ten 
degree steps to 180°G, allowing a few minutes at each step. The reaction 
mixture was then heated in five degree steps, but never beyond 210°C. On 
some occasions, a moderately vigorous exothermic reaction took place. Some 
water and organic material were rapidly pushed into the Dean and Stark trap 
and the condenser. If this vigorous reaction took place, the mantle was best 
dropped from the flask and the system allowed to cool. The temperature then 
might be raised to the 190-2l0°C range and maintained for awhile, but it is 
doubtful if any further reaction took place. If the reaction mixture 
thickened or hardened and stopped the stirrer, or if the temperature began 
to rise rapidly, the heat was shut off and it was advisable to stand away 
at a safe distance until the r~action had subsided. 
If no vigorous reaction occurred, the reaction mixture could be kept 
in the vicinity of 200°C for five or six hours, and then allowed to cool. 
When the temperature had dropped to just below 100°C, one-half mole of sodiUI11 
hydroxide in 200 ml. of water was added and the mixture stirred vigorously. 
The reaction mixture was then steam distilled to remove excess l-chloro-3- 
iodoben.zene. 
After steam distillation, the organic phase was separated from the 
aq_ueous phase and dried by azeotropic distillation with benzene. The benzene 
was removed at atmospheric pressure, and the 3-chloro-3'-nitrophenyl ether 
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was dis.tilled under vacuum. During vacuum distillation, the stillpot should 
be kept below 200°C or the ether may react with itself very vigorously. The 
3-chloro-3'-nitrophenyl ether distilled from l36-l4l°C at a mercury pressure 
of O.l-0.2 mm. 
One sample was recrystallized from ethanol and sent to Schwartzkopf 
M.icroanalytical Laboratory for analysis. 
Element Theoretical Found 
c 57.73 57.70 
H 3.23 3.28 
0 19.23 l9.4o 
N 5.61 5.69 
Cl 14.20 14.44 
The y:t.eld.s were very low (in the 10-25% range). On one occasion, the yield 
was as high as 39%- 
3-chJ.oro-3' -aminophenyl Ether 
The 3-chloro-3'-nitrophenyl ether was converted to the amine compound in 
better than 90% yield by the same iron, water, and hydrochloric acid reac~ion 
used to reduce 2-chloro-2'-a.minophenyl ether. 
313'-dichlorophenyl Ether ~-~~-----=----"-------- 
The diazotization of 3-chloro-3'-aminophenyl ether was rendered ~uite 
difficult by the lower solubility of the amine in hydrochloric acid. Some 
success was finally achieved by dissolving the amine in hot 9 molar hydro- 
chloric acid followed by diazotization between 0 and 5°c. The diazonium salt 
was then converted to the 3,3'-dichlorophenyl ether by the Sandmeyer reaction 
as described for the preparation of 2,2'-dtchlorophenyl ether. 
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The ether was not purified and the exact yield is not known. One sample 
of the ether was analyzed for chlorine and was found to contain 2.9% 
(theoretical~ 29.66%). The very expensive starting materials and the low 
yields of 3-chloro-3'-nitrophenyl ether made the cost of producing enough 
material for electrical measurements prohibitive. 
C. Purification of 4,41-dichlorophenyl Ether 
The 4,4' -dichl.orophenyl ether isomer was obtained by purification of 
Dow 2X. Dow 2X is a randomly dichlorinated phenyl ether offered in experi- 
mental g,uantities by the Dow Chemical Company, Midland, Michigan. 
In the course of some previous work by the General Electric Company, a 
quantity of Dow 2X had been carefully distilled. The major portion was found 
to consist of 4, 4' -di.chlorophenyl ether*. A portion of this distillate was 
used as the starting material in preparing the pure isomer for electrical 
measurements. When a sample of these crystals was analyzed by the Clark 
Microa.nalyt.ical Laboratory, the :following results were obtained: 
Element Theoretical Found 
c 60.28 60.42 
H 
0 
3-37 
6.69 
29.66 
3-33 
6.82 
29.74 Cl 
*The infrared spectra of a large fraction of the caref'ully distilled Dow 2X 
was compared with the spectra of some synthesized 4,41-dichlorophenyl ether, 
and the spectra were found to be identical. (l9) 
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As a first step, about one liter of the solid distillate was melted and 
washed with 500 ml. of 10°/o sodium hydroxide. The alkali wash vas followed 
by three washes with hot, deionized water. The organic layer was separated 
and dried by holding above 100°C, while stirring constantly until the liquid 
appeared clear. The liquid was innnediately refined by adding 30 grams of 
hot, dry fuller's earth and continuing the stirring for 30 minutes. The ether 
was then filtered hot with suction through two sheets of filter paper on a 
Buckner funnel. A seco~d method of preparing the _starting material was simply 
to all.ow it to recrystallize from its own melt at room temperature several 
times, each time discarding a small amount of the liquid melt. 
A constant temperature water bath was prepared using a large Pyrex glass 
container, a stirrer, a 200-watt light bulb, a General Radio Company, Type 
V5MT .• Variac, and a Thermocap Relay, a product of the Niagara Electron 
Laboratories) Andover, New York. The variac was used to control the power 
to the light bulb. The temperature was controlled by the Thermocap Relay. 
The off-on relay of this device is extremely sensitive to capacitance 
changes. The sensing element is simply a peewee clip connected to the 
instrument by a piece of sol.id bare wire of the shortest practicable length. , 
The clip is clamped around a thermometer at the d.esired temperature. With 
the system heating and stirring, the mercury rises, and when it reaches the 
cl:i.p, the capacitance change shuts off the variac. When the bath cools, the 
mercury drops below the clip and the variac is turned on. By using a 
thermometer graduated in tenths of degree_s, and by carefully adjusting the 
sensitivity of the instrument, the temperature of the bath can be maintained 
Withi.n a range of o.a'c, i.e., a temperature set for 30°c would be mafrrtad.ned 
between 29.9 and 30.1°c. 
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The m:thod chosen to further purify the 4,41-dichlorophenyl ether was 
very slow crystallization from its melt, each time discarding some of the 
melt. 
Four Pyrex test tubes, 400 x 50 mm, were filled approxima~ely three- 
quarters full of the refined ether and placed in the bath. The clip from the 
Thermocap Relay was, after several trials, placed at 31.1°c. Af'ter giving 
the system l-2 hours to equilibrate, very small pieces of 4,41-dichlorophenyl 
ether crystals were added to each test tube. Some crystal growth on the 
seeds could be detected in a very short time. 
The crystals were allowed to grow for two or three days before any 
liquid was removed. The crystals were remelted and then replaced in the 
bath. After growing carefully for four days, the remaining liquid in the 
test tubes, approximately 10°/o, wa.s poured off and the crystals melted into a 
single batch. 
The materi.al was .cefined three times 'With 50 ml. of hot dry fuller's 
earth at 100°c. It was then refined 'With 50 ml. of hot, dry fuller's earth 
between 65 and 90°c. After this fourth refining, the volume resistivity was 
41,500 x 109 ohm-cm at 100°C. Tb.is value is thirteen times greater than an , 
ordinarily good value. The material was bottled until electrical meai;mre- 
ments could be made. 
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D. Dielectric Constant Measurements 
1. Apparatus 
The apparatus for measuring the dielectric constant versus temperature 
~onsisted of a fixed plate air capacitor, Cat. No. EU50FS, manufactured by 
the A.D. Cardwell El.ectronic Products Corp., situated in a test tube two 
inches wide and nine inches deep. The inner conducting plate of the capacitor 
was removed so that the bulb of a thermometer could be accommodated between 
the porcelain insuiating plate and the aluminum conducting plates •. (See 
diagram of apparatus on the next page.) Solid brass leads 1/16 inch in 
diameter by nine inches long were brought out through a rubber stopper which 
was also drilled to accept a thermometer. Four thermometers were used to 
measure the temperature of the sample. 
l. H-B Instrument Co., Cat. No. 22630Q, 215 mm immersion with 
~ 10/30 joint, mercury filled, range - 0° to 315°c. 
2. H-B Instrument Co., Cat. No. 22430, total inmlersion, mercury- 
thallium amalgam filled, range - 57°c to 20°c. 
' 3. Fisher Scientific Co., Cat. No. 15-038, total immersion, 
, 
liquid filled, range - 200°C to 30°c. 
4. H-B Instrument Co., Cat. No. ASTM 6C, 76 mm immersion, liquid 
filled, range - 80°C·to 20°c. 
When assembled, the test tube was placed through a Textolite cover into a 
Dew.ar flask containing oil, crushed ice-water, or dry ice-Triclene depending 
on the desired temperature. A separate well in the cover held a thermometer 
for measuring the temperature of the bath. 
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APPARATUS FOR MEASURING CAPACITANCE VS. TEMPERATURE 
1. Dewar Flask 
2. Test. Tube 
3. Bath Thermometer 
4. Sample Thermometer 
5, CardwelJ_ Fixed-Plate 
Capacitor 
6, Dielectric Li~uid 
7. Porcelain Plate 4 8. Aluminum Plates 
2 
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·The capacity measurements were made at 1000 cycles and a nominal six 
volts potential on a Schering bridge with Wagner gi!"Ound.(l.l) The capacity 
was read directly from one arm of the bridge in micromicrofarads (uuf). The 
ca;pa;iJity of the sample was measured by balancing the bri'dge with the sample 
out of the circuit and reading the "zero" capacity. The sample was then 
placed in the circuit, the bridge rebalanced, and the capacity read again. 
The difference between the second reading and the "zero" capacity was the 
capacity of the sample. The dielectric constant of the sample was determined 
by measuring the air capacity of the system and then measuring the capacity 
of the system with the sample added. The ratio of liquid to air capacity 
(c liq./C air) was the dielectric constant of the sample. 
2 • Measurements and Data 
Approximately lOOg. samples of each substance or mixture were used for 
capacity measurements. Ordinarily, three measurements were made at each 
temperature. The samples were heated to above 125°C, and the temperature was 
lowered to the points where capacity readings were desired. As the desired 
temperature was approached, the bridge was balanced, and the capacity was 
monitored frequently until the exact temperature-capacity reading could be 
recorded. In tak.'iing measurements below zero, some difficulty was experienced 
in dropping the temperature at a practical rate so that the temperature- 
capacity measurements could be made as the temperature was lowered. It was 
Usually found more satisfactory to drop the temperature a l'ew degree~ below 
the desired point and let the system warm up until the exact temperature- 
capacity reading could be recorded~ Readings were usually discontinued 
shortly after the solidification point of the sample. The data are tabulated 
on the following pages along with plots of dielectric constant versus temperature. 
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A 
SCHERING BRIDGE - CIRCUIT DIAGRAM 
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4z41-dichlorophenyl Ether 
Temp. oc e 1 e 2 e 3 e avg. 
].25 2.48 2.49 2.50 2.49 
100 2.52 2.53 2.54 2.53 
75 2.57 2.57 2.57 2.57 
50 2.61 2.62 2.62. 2.62 
25 2.49 2.64* 2.67* 2.49 
0 . 2.48 2.53 2.55 2.52 
* The high readings here are due to super-cooling of the liquid which is 
ordinarily solid at 25°C. After the second reading at 50°C, the bridge 
had to be servf.ced, The following readings were slightly higher than 
the previous ones. No significant error was introduced into the dielectric 
constant values. 
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222'-dichlorophenyl Ether 
Temp. oc e l e 2 ~ e avg. 
125 8.48 8.44 8.46 8.46 
100 9.13 9.15 9.14 9.14 
75 9.93 9.93 9.94 9.93 
50 10.83 10.84 10.85 10.84 
25 11.97 12.03 12.01 12.00 
0 13.34 13.36 13.39 13.36 
Temp. OC* e l oc e 2 Temp. oc e oc e Temp. __} Temp. avg. 
-20 15.38 -18.5 15.24 -20 15.36 -20 15.37 
-30 16.12 -29.5 16.10 -25 15.73 -30 16.11 
-35 16.47 -34.5 16.48 -30 16.12 -35 16.49 
-40 16.87 -35 16.51 -40 16.87 
-43.5 16.27 -40 16.88 -45.5 13.38 
-45.8 12.43 -45.5 13.48 -45.5 13.27 -60 3.32 
-51.2 4.64 -46.8 10.30 -50 5.65 -65 3.15 
-56.2 3.35 -60 3.34 -55·5 3.54 
-60 3.29 -65 3.16 -65 3.13 
-65 3.16 
* At the lower temperatures, the power factor of the liquid increases to a 
maximum beyond the capability of the bridge to handJ.e easily. It became 
very difficult to balance the bridge. When the best balance possible was 
obtained, the temperature was read at that point. 
tJ 
0 
0 
0 . 0 0 
...::t- 
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80% 2221-d:i.chlorophenyl Ether - 20% 4,41-dichlorophenyl Ether 
Temp. oc e l e 2 ~ e avg. 
125 6.94 6.94 6.94 6.94 
100 7 .50 7.49 7.49 7.49 
75 8.13 8.13 8.13 8.13 
50 8.88 8.80 8.87 8.85 
25 9.74 9.65 9.65 9.68 
0 10.75 10.75 10.79 10.76 
-20 ll.72 11.73 11.72 ll.72 
-30 12.22 12.25 12.26 12.24 
-40 12.84 12.84 12.84 12.84 
-50 8.13 8.63'* 8.20 8.37 8.51 
-60 2.99 2.99 2.98 2.99 
-66 2.95 2.96 2.94 2.95 
* Two readings taken on the same run as a check. , 
u 
0 
q 8 8 8 8 g s . . . . . 
<o ...:t (\J 0 co \0 
r-i r-i r-i rl 
0 
0 
...:t 
0 
0 . 
C\J 
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60% 2,2'-dichlorophenyl Ether - 40% 4,41-dichlorophenyl Ether 
Tem:12. °C e l e 2 ~ e a~. 
125 5.68 5.69 5.69 5.69 
lOO 6.08 s.u. 6.14 6.ll 
75 6.53 6.52 6.54 6.53 
50 7.05 7.04 7.05 7.05 
25 7.57 7.55 7.67 7.60 
0 8.29 8.28 8.29 8.29 
-20 9.03 9.01 9.04 9.03 
-30 9.36 9.37 9.41 9.38 
-40 9.77 9.77 9.78 9.77 
-45 9.97 l0.02 10.00 
-50 9.70 9.68 9.77 9.72 
-53 6.76 6.76 
-55 4.69 4.4.1 4.8o 4.63 
-60 2.95 ·2.95 2.95 
u 
0 
8 8 • 
\0 
~ 
0 
0 . 
.:t ~ 
0 
0 . 
~ 
0 
0 • 
~ 
8 0 0 . 
\0 
.g . 
..::t 
O· 
0 . 
{\J 
• co ~ co 
-32- 
40% 2,2'-dichlorophenyl Ether - 60% 4,41-dichlorophenyl Ether 
Temp. oc e l e 2 ~ e 4 ~ e 6 e avg. 
l25 4.48 4.49 4.48 ·.4.48 
' lOO 4.75 4.74 4.74 4.74 
75 5.02 5.03 5.04 5.03, 
50 5-36 5.37 5.37 5.37 
25 5.66 5.74 5.67 5.69 
0 6.20 6.l9 6.2l 6.20 
-lO 6.40* 6.15 6.lO 6.l2 
-20 6.63 6.22 6.22 6.22 
-30 6.34 6-37 6-34 6-35 
-35 6.53 6.46 6.50 
-40 6.56 6.46 6.45 6.6l 6.56 6.53 
-45 6.67 6.63 6.65 
-50 5.80 6.l.7 7.34*1 5.99 
-55 3.96 3.94 3.95 
-60 3.].6 .3.16 3.16 
* Supercooled; mixture usually crystallized between 0° and -l0°C. 
1 Average or three readings at this point. 
0 
0 
8 8 s s s . . . 0 0 0 0 '• ..:t 
0 
0 . 
~ 
• co \0 (\J 
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20% 2,2'-dichlorophenyl Ether - 80% 4,41-dichlorophenyl Ether 
Temp. oc e 1 e 2 e 3 e avg. 
125 3.53 3.52 3.51 3.52 
100 3.65 3.65 3.65 3.65 
75 3.81 3.81 3.81 3.81 
50 3.92 3.98 3.98 3.96 
25 4.12 4.12 4.12 4.12 
15 4.28 4.26 4.27 4.27 
10 4.30 4.32 4.32 4.31 
5 4.37 4.36 4.36 4-36 
0 4.42 4.41 4.41 4.41 
-10 4.20 4.10 4.20 4.17 
-20 4.22 4.16 4.27 4.22 
-30 4.25 4.23 4.32 4.27 
-40 4.50 4.29 4.44 4.41 
-50 4.16 4.21 4.21 4.19 
-60 2.97 2.97 2.96 2.97 
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III. DISCUSSION 
A. Preparation of Materials 
2,2'-dichlorophenyl E~her 
The preparation of this compound as outlined in Experimental is perfectly 
straightforward. One caution must be mentioned in connection with the 
preparation of the ni tro compound. On tw9 Qcga.~;i,ons" 11 strgn5 €fmtn~m.io 
reaction took place soon after the addition of the o-chloronitrobenzene. In 
each case, sizable quantities of dibenzo-p-dioxin (diphenylene dioxide) were 
recovered in the distillation of the reaction mass. This impurity is quite 
likely a product of self-condensation of o-chlorophenol.(l9,24) To prevent 
this occurrence, it is suggested that good mixing be insured during addition 
of the o-chloronitrobenzene, and that the temperature be raised carefully at 
this point. 
On one occasion, 4p mesh iron filings, N.F. grade from J.T. Baker Co., 
were used to reduce the ni tro compound to 2-chloro-2' -aminophenyl ether. The 
yield was so very low that a review of the experiment was conducted. The only 
change in the experimental procedure had been from Mallinckrodt's 4o mesh iron 
to Baker's 40 mesh iron. The iron filings were compared under a microscope. 
The Mallinckrodt iron filings were dark grey and did not appear oxidized. 
The Baker iron filings were blackish and appeared heavily oxidized. Only 
Mallinckrodt iron filings were used from this point on. 
Two methods for converting the diazonium salt to the dichlorophenyl 
ether were investigated. The Sandmeyer method was chosen, because the infra- 
red spectra of the products of the two methods showed its product to have 
less bands of impurity than the other. 
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The alternate method involved precipitating a complex mercury-diazonium. 
salt by adding a solution of mercuric chloride (in KCl), in slight excess, to 
. . (22.1) 1 . the diazotized amine. The comp ex was filtered, washed with acetone 
and ether, and dried by suction. The dry salt was mixed with twice its own 
weight of potassium or ammonium chloride and heated slowly to between 200° a.nd 
250°c to decompose the complex. The inorganic salts were dissolved in water 
leaving the 2,2'-dichlorophenyl ether as an impure oil. No determination of 
yields was made. The literature gives examples of excellent yields for some 
cases in which the Sandmeyer reaction gives very poor results. 
Once the 2,2'-dichlorophenyl ether had been prepared in quantity, it 
was necessary to purify it to electrical quality, i.e., to remove any ionic 
impurities, lower the water conte:nt, and remove any organic materials which 
give rise to high electrical losses (phenols, nitriles, etc.). The ether was 
washed with dilute alkali, dilute acid, and then several times with distilled 
water. After separation of the organic from the last water wash, it was 
heated with stirring at 100° to 125°C to remove the rest of the water. Finally, 
the hot organic liquid was stirred up with activated .fuller's earth and' then 
filtered. The electrical properties such as resistivity, 60 cycle capacity, 
and 60 cycle power factor were determined. In very few cases did the 2,21- 
dichlorophenyl ether measure up to the desired quality. Other refining 
agents such as activated alumina, charcoal, silica gel, and Celite gave no 
improvement. 
Refining experiments were conducted first at higher temperatures and 
then at lower temperatures. When a1.l light was excluded from the refining 
process, an improvement was shown. The final process involved passing the 
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ether twice through the same bed of activated fuller's earth in a chromato- 
graphic column, the whole process carried out in the dark at room temperature. 
The ether finally used was satisfactory, but it is hoped that further work 
will give more improvement. 
3,31-dichlorophenyl Ether 
Initial attempts to prepare 3,3'-dichlorophenyl ether by a series of 
reactions similar to those used to prepare the 2,2'-isomer were not 
successful. When l-chloro-3-nitrobenzene was heated with potassimn 
m-chlorophenolate, using a copper powder catalyst, the result was invariably 
an uncontrolled exothermic reaction, the product of which was a black, charred, 
tarry reaction mass. The same result was obtained if the catalyst was left 
out or when l-iodo-3-nitr0benzene was used as the other reactant. 
A series of reactions were tried using potassium m-aminophenolate and 
m-chloroaniline in place of the nitro compounds. These reactions also turned 
out to be vigorously exothermic and ended up as black, charred, tarry re- 
action masses. 
In a private conversation with Dr. D.E. Sargent of the Organic Synthesis - 
Group of the General Electric Research Laboratory, it .. was suggested that the 
strong alkaline condition (KOH) was removing the chlorine from them- 
chlorophenol resulting in self-polymerization of this compound. Accordingly, 
some experiments were carried out reacting m-chlorophenol with potassium 
metal in anhydrous solvents such as acetone, tetralin, and pyridine. The 
halonitrobenzene was then added to the solution or suspension and the system 
allowed to reflux. With a high boiling solvent such as tetralin, a tarry 
mass was eventually formed in the liquid. With lower boiling solvents, no 
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~ reaction was noticed until the solvent was allowed to distill off. As the 
temperature rose, the reaction mass would either become tarry or freeze up. 
Some moderate success was finallyachievedusing m-nitrophenol and 1-chloro- 
3-iodobenzene as described in the Experimental section. 
4,41-dichlorophenyl Ether 
The purification of this compound proceeded without trouble after it was 
discovered in the literature that by-products of the reaction producing 
phenyl ether were ortho and para phenyl pheno1.<12•1) The phenols are 
easily removed by washing with dilute alkali. 
When the infrared spectra of the pure product was compared with the 
infrared spectra of some 4,41-dichlorophenyl ether synthesized at the 
General Electric Research Laboratory,(l9) they were found to be identical. 
B. Measurement Problems 
One of the major difficulties in making the measurements was balancing 
the bridge in the region of high electrical losses. The bridge was so 
designed thattwoprecision capacitors, one measuring dissipation factor and 
one measuring capacity, had to be adjusted to get a null balance on the- 
detector. When the dielectric loss factor (e") 
es 2- _e oo. (17 .1)*, i· ts theoretically e" max. = 
neared the maximum, 
value was changing by one or 
* e s =static dielectric constant, i.e., the value at a low enough frequency 
so that all polarizations have time to form. 
e 
00 =infinite frequency dielectric constant, i.e., the value at frequencies 
so high that dipole polarizations do not have time to form 
appreciably. 
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two orders of magnitude over a temperature range of about fifteen degrees 
centigrade. Shortly before the maximum of the loss factor was reached, the 
dielectric constant began to fall rapidly as the temperature dropped. Since 
both factors were operating simultaneously, the bridge could be balanced 
only with difficulty and in some cases at less than full sensitivity. 
These phenomena were both caused by the decreasing orientational 
polarization of the dielectric liquid at low temperatures. When the liquid 
was cooled to a low enough temperature, it either crystallized or set to a 
ha.rd, glassy state. In the latter case, the viscosity of the liquid 
eventually reached a point where the dipoles could no longer orient them- 
selves fast enough to keep in phase with the frequency of the applied field. 
In the former case, formation of the crystal lattice prevented the free 
orientation of the dipoles. As the orientational polarization was lost, the 
dielectric constant dropped to the value which resulted from electronic and 
atomic polarizations. In some cases, solid state rotation results in some 
orientationa.1. polarization after a material has crystallized. This phenomenom 
will be discussed further in the next section. 
Another meas-i.:1.:rement porblem arose from the fact that the 4,41-dichloro- 
phenyl ether and the mixtures containing 60% and 80% 4,41-dichlorophenyl 
ether crystallized readily between 0° and -l0°C. In all three systems, 
supercooling was possible and its effects Ca..'1 be seen in the data. However, 
most of the low temperature measurements made on these systems were taken on 
crystallized material. The crystalline systems were prone to channeling, or 
fissuring, caused by the shrinkage of the solid phase. Under these conditions, 
the amount of dielectric material between the plates varied slightly causing 
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a small dispersion in some of the capacity measurements. Particularly 
noticeable on melting were the air bubbles which had been trapped between 
the plates. 
In connection with capacity readings at high electrical losses, it must 
be mentioned that near the peak of electrical losses, a mathematically 
derived correction factor had to be applied to the capacity readings to give 
the true value. This factor is not discusse~ in detail, because it is 
specific for this piece of apparatus and would not be generally applicable. 
In the most extreme cases, the correction amounted to approximately 
6.4%. It was found by experience that if the dielectric constant had already 
dropped to a low value, the correction factor was small, between 0.5 - 1%, 
even if the dissipation factor remained quite high. 
c. Conclusions from Data 
The plot of dielectric constant versus temperature for 4,41-dichloro- 
phenyl ether (page 25) shows the very slight contribution of orientational 
polarization, i.e., the drop in dielectric constant upon crystallization is 
only 0.17 units. The same plot shows an instance of supercooling. The,. 
material was still in the liquid state at 25°C, so the dipoles c~uld still 
orient themselves. In every case, this substance eventually crystallized 
after only moderate supercooling. 
An attempt was made to extend the readings below 0°C, using a fresh 
sample. Because of the different arrangement of crystals between the plates, 
the data did not fit the curve previously drawn. However, the dielectric 
constant varied less than one percent from -50° to +30°C for the material in 
the solid state. 
• 
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"" A similar plot was made of dielectric constant versus temperature for 
the 2,2'-dichlorophenyl ether (page 27). The curve clearly shows the 
important contribution made by orientational polarization to the dielectric 
constant of this substance. From the high of 16.87 to the low of 3.15, more 
than 81% of the dielectric constant is lost when the dipole orientation 
cannot be maintained. The curve also shows the important effect of the 
temperature over the liquid range in that from l25°C to -40°C, the dielectric 
constant increases by nearly 100%. 
Since there was no crystallization of the 2,21-dichlorophenyl ether, 
the plot refers to a system which supercooled to the glass state. On one 
occasion, an attempt was made to get a capacity measurement at -70°C. At 
-68°C, a sharp cracking noise was heard, and inspection of the sample revealed 
that several fissures had been formed in the dielectric. No further attempts 
were made to ~easure capacity in this region. 
Another object of the investigation was to determine the dielectric 
constant versus temperature relation for mixtures of the isomers. Four 
mixtures were prepared as follows: ,. 
1. 80% 2,21-dichlorophenyl ether 20'1/a 4,41-dichlorophenyl ether 
2. 60% '' II 40% II II 
3. 40% " " 60% II " 
4. 20% " !I 80% !I " 
It was hoped that a small a.mount of 4,41-dichlorophenyl ether would 
act as a pour point depressant on the 2,2'-dichlorophenyl ether and in this 
way significantly lower the temperature at which a high dielectric constant 
would be maintained. This would have been shown by a displacement of the 
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break.Point inthe dielectric constant versus temperature curve to a lower 
temperature. There was no sign of any change in the position of the break.- 
point for the mixture containing 80% 2,2'-dichlorophenyl ether (page 29). 
Beginning with the mixture containing 60% 2,2'-dichlorophenyl ether, 
the break.point in the curve is slightly displaced to a lower temperature 
(page 3J.). This particular mixture set to a glai;;s as did the previous 
mixture, but in contrast to the former, a few small centers of crystal 
growth could be noticed in the bul.k of the dielectric. Possibly the 
viscosity increased to a point where further crystal growth was impossible 
before the remaining liquid set to a glass. Given the proper conditions, 
this mixture would probably crystallize completely and would then show a 
slightly different curve. 
The plot of the mixture containing 40% 2,2'-dichlorophenyl ether 
(page 33) shows another e:x.a.rnple of supercooling. In every other case, this 
mixture crystallized between 0° and -10°C. From the slight break in the 
curve at this point, it might be inferred that the freezing point of 4,4'- 
dichlorophenyl ether had been lowered by approximately 30 degrees. After 
this mixture had crystallized and no liquid· flow could be discerned, the 
cryste.Is maintained an appearance of wetness. The dielectric constant 
continued to rise from -l0°C to -45°C and fell sharply atter this point. 
This would seem to show that the dipoles of the 2,2'-dichlorophenyl ether 
could orient themselves over this range of temperature. 
The curve for the mixture containing 20% 2,2'-dichlorophenyl ether 
(page 35) has somewhat the same shape as the curve of the previous mixture. 
No supercooling was shown by this mixture. Age.in, however, the rise i:Q. 
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~ dielectric constant from -10°C to -40°C after the drop from 0°C to -l0°C, 
combined with the rapid drop after -40°c, shows that orientational 
polarization is still an important factor in this region. This type of 
polarization could only be contributed by the 2,2'-isomer. 
The last two curves would seem to show that the 2,21-dichlorophenyl 
ether contributes orientational polarization in the solid state. However, 
even though the samples appeared solid below 0° to -10°C, it cannot be 
claimed with certainty that the 2,21-dichlorophenyl ether was in the solid 
state or in the crystalline lattice. If the 2,21-dichlorophenyl ether 
molecules were in the crystalline lattic, this would seem to indicate that 
solid state rotation(23' i7.i) was taking place. 
To examine more closely ~he relationship of composition to dielectric 
constant at low temperatures, the following data were tabulated. 
Percent of Temperature 2,21-d.ichlorophenyl 
Ether -20°C -30°C -40°c -50°C 
100 15.37 16.ll 16.87 5.65 
80 11.72 12.24 12.84 8.37 
60 9.~8 
, 
9.03 9.77 9.72 
40 6.22 6.35 6.53 5.99 
20 4.22 4.27 4.41 4.19 
O* 2.68 2.68 2.68 2.68 
* These values for pure 4,41-dichlorophenyl ether were determined on a 
fresh sample and do not fit on the plot of the original curve. 
A plot of dielectric constant versus composition for each temperature 
can be seen on the next page. At -20°C, -30°C,, and -40°c, the plots are 
~uite straightforward. At -50°C, the ability of the 60% mixture to maintain 
its high dielectric constant is shown to be better than that of the other 
mixtures. 
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IV. CONCLUSIONS AND SUMMARY 
1. The two compounds, 2,2'-dichlorophenyl ether and 3,3'-d:ichlorophenyl 
ether, were prepared. 
2. The isomer, 4,41-dichlorophenyl ether, was separated from a 
commercial mixture and purified. 
3. The dielectric constant versus temperature was measured for two 
isomers and their mixtures as follows: 
1. 4,41-dichlorophenyl ether 
2. 2,2'-dichlorophenyl ether 
3. 80% 2,2'-dichlorophenyl ether 20% 4,41-dichlorophenyl ether 
4. 60% II " 40% 11 II 
5. 40% II II 60% II II 
6. 20% II II 80% II II 
4. The mixture containing 60% 2,2'-dichlorophenyl ether holds its 
dielectric constant at low temperature better than the other mixtures. 
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V. APPENDIX 
During the course of this investigation, the infrared spectra of 
both materials were taken and the refractive indices a.nd .. densities measured. 
The data are included for reference. 
2, 2 .1 -dichlorophenyl Ether 
4,41-dichlorophenyl Ether 
Density (d 25) 
i.30832 
1.29570* 
Refractive Index (M ii5) 
i.59756 
1.59600 
* Supercooled liquid. 
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